The gut microbiota influences several biological functions including immune response. 
INTRODUCTION 72
Orai1 and STIM1/2 transcript and protein levels thus blunting SOCE. Moreover, UA treatment 109 decreased proliferation of CD4 + T cells. Thus, the present observations uncover a novel action of UA, 110
i.e. the upregulation of miR-10a-5p with subsequent downregulation of store operated Ca 2+ influx in 111
CD4
+ T cells. 112
113

RESULTS
114
UA attenuates store operated Ca 2+ entry (SOCE) 115
Orai1 channels are recruited after being stimulated by STIM1/2, accomplishing SOCE into 116
CD4
+ T cells and are thus decisive for T cell activation (12). To quantify the intracellular Ca 2+ activity 117 ([Ca 2+ ]i) and SOCE from control and UA treated CD4 + T cells, Fura-2 fluorescence was determined. 118
+ T cells were activated for 3 days in the presence of plate-bound anti-CD3 and anti-CD28 (1:2 119 ratio) and in the presence or absence of UA (5 -50 µM). The activated cells were incubated with Fura-120 2 for 30 minutes in standard HEPES and washed once with standard HEPES. [Ca 2+ ]i was measured first 121 in standard HEPES, which was subsequently replaced by Ca 2+ -free HEPES. Intracellular Ca 2+ stores 122
were depleted by addition of sarco-/endoplasmic reticulum Ca 2+ ATPase (SERCA) inhibitor 123 thapsigargin (1 µM) in the nominal absence of extracellular Ca 2+ . The subsequent re-addition of 124 extracellular Ca 2+ was followed by a sharp increase of [Ca 2+ ]i. No significant difference was observed 125 in slope and peak of the [Ca 2+ ]i when CD4 + T cells were treated with 5 µM UA, though both parameters 126 tended to be lower compared with untreated control cells. Both, slope and peak of the [Ca 2+ ]i were 127 significantly lower in 10 µM UA treated cells than in control cells (Fig. 1B) . Furthermore, increasing 128 the UA concentrations (20 µM and 50 µM) significantly decreased SOCE, when compared with 129 untreated control cells (Fig. 1) . 130
131
UA downregulates the expression of Orai1 and STIM1/2 132
In preceding experiments, we demonstrated that SOCE (both peak and slope) was significantly 133 downregulated after 10 µM UA. Thus, utilizing qRT-PCR, we further explored whether UA influences 134
Orai1 and/or STIM1/2 transcript levels in CD4 + T cells. As illustrated in Fig. 2A , treatment of CD4 + T 135 cells with 10 µM UA for 72 hours significantly decreased Orai1 and STIM1/2 mRNA levels. Western 136 blotting was employed to assess, whether the effect of UA on transcript levels was paralleled by similar 137 effects on protein abundance. UA treatment indeed significantly decreased Orai1 protein and STIM1/2 138 protein expression (Fig. 2B&C) . 139
140
UA treatment augments the miR-10a-5p expression in CD4 + T cells 141
Various metabolites and natural plant products are involved in the regulation of miRNAs 142 biogenesis (32). Previously, we have shown that miR-15b was involved in the regulation of 143 SOCE/STIM2 when induced by green tea polyphenol EGCG (31). Bioinformatics analysis 144 (www.microrna.org, www.targetscan.org, www.mirbase.org) suggested that in addition to miR-15b,several other miRNAs such as miR-10a-5p, miR-29, miR-146 could also modify Ca 2+ regulating 146 proteins such as Orai/STIM. Thus, we explored whether UA influences miR-10a-5p abundance. To this 147 end, we measured the miR-10a-5p expression in murine CD4 + T cells after treatment with UA (5, 10, 148 20, 50 µM) utilizing the miR-qRT-PCR method. As a result, treatment of CD4 + T cells with 10 µM UA 149 was followed by a marked and highly significant increase of miR-10a-5p abundance (Fig. 3) . Several 150 other miRNAs such as miR-15b, miR-29a-3p, miR-146a-5p and miR-155-5p were also upregulated 151 after 10 µM UA treatment (Suppl. Fig. 1 Bioinformatics analysis revealed that miR-10a-5p has a strong binding site in the 3'untranslated 155 region (3'UTR) of Orai1, and is thus a potential regulator of Ca 2+ entry (Fig. 4A ). To confirm whether 156 miR-10a-5p influenced Orai1 and/or STIM1/2 transcription, we transfected CD4 + T cells with negative 157 mimic and miR-10a-5p mimic and measured the Orai1 and STIM1/2 transcript levels. The qRT-PCR 158 data suggested a marked and highly significant downregulation of both Orai1 and STIM1/2 transcript 159 levels following miR-10a-5p overexpression (Fig. 4B ). The decrease of transcript levels was paralleled 160 by similar alterations of protein levels. As apparent from Western blotting, miR-10a-5p overexpression 161 was followed by downregulation of Orai1 and STIM1/2 protein abundance (Fig. 4C&D) . 162
Overexpression of miR-10a-5p thus decreased Orai1 and STIM1/2 expression both at transcripts and 163 protein levels. When miR-10a-5p was inhibited in CD4 + T cells, a significant increase of both Orai1 164 and STIM1/2 was observed at transcript levels ( Fig. 4E ) and protein levels (Fig. 4F&G) . 165 166
miR-10a-5p overexpression and inhibition inversely influence SOCE in CD4 + T cells 167
To examine, whether the downregulation of Orai1 and STIM1/2 expression following miR-10a-168 5p overexpression was paralleled by a similar decrease of SOCE, both control mimic and miR-10a-5p 169 mimic transfected CD4 + T cells were activated for 3 days in the presence of plate-bound anti-CD3 and 170 anti-CD28 (1:2 ratio). Ca 2+ entry was measured at day 3 after transfection of miR-10a-5p 171 overexpression using miRNAs mimic. The activated cells were again loaded with Fura-2 for 30 minutes 172 in standard HEPES and washed once with standard HEPES. [Ca 2+ ]i was measured first in standard 173 HEPES, which was subsequently replaced by Ca 2+ -free HEPES. In a next step the intracellular Ca 2+ 174 stores were depleted by addition of thapsigargin (1 µM) in the nominal absence of extracellular Ca 2+ . 175
The subsequent re-addition of extracellular Ca 2+ was followed by a sharp increase of [Ca 2+ ]i. Both, 176 slope and peak of the [Ca 2+ ]i increase were significantly lower in miR-10a-5p mimic transfected than 177 in control mimic transfected cells (Fig. 5A&B) . Thus, our data suggest indeed that overexpression of 178 miR-10a-5p contributes to the downregulation of Orai1 and STIM1/2 expression following UA 179 treatment. Conversely, inhibition of miR-10a-5p augments significantly both slope and peak of the 180
5C&D). Our gain-of-function and loss-of-function data 181
suggested that indeed miR-10a-5p is a powerful regulator of SOCE. 182
Effect of UA on cell proliferation 184
As stimulation of SOCE is involved in the signalling triggering T-cell proliferation (25), cell 185 proliferation was quantified using the dye CFSE. As illustrated in Fig. 6 , cell proliferation was 186 significantly decreased in the presence of 10 µM UA. 187
188
DISCUSSION 189
The polyphenolic compounds are known to control inflammation, angiogenesis, drug and 190 radiation resistance (1) . These findings have been further corroborated by the observations that 191
Ellagitannin-rich food have beneficial effects on inflammatory bowel disease and other inflammatory 192 diseases (2). However, the bioavailability of these compounds (ellagitannins and ellagic acid) is limited 193 and the compounds must be metabolized by the gut microbiota to produce bioactive molecules that can 194 be easily absorbed (7). Ellagic acids (by the help of gut bacteria) are converted into different Urolithins 195 (A-D) (7). Gut metabolites such as Urolithins can directly activate adaptive immune T cells (8) (9) (10) (11) Emerging evidence indicates that UA is involved in the regulation of inflammatory pathways, 211 cell cycle and cell death (1, 35, 36) . Some studies further suggested that UA is also involved in 212 controlling the growth of cancer cells, and could thus be used as anti-cancer agent (1, 35 
MATERIALS AND METHODS 231
Mice 232 Naïve CD4 + T Cells were isolated from C57BL/6 mice (male and female) between 8 -16 weeks 233 of age. All the animals were kept in standard housing conditions with 12 ± dark/light cycle and fed on 234 chow diet. All experiments were performed according to the EU Animals Scientific Procedures Act and 235 the German law for the welfare of animals. All procedures were approved by the authorities of the state 236 of Baden-Württemberg, Germany. 237
238
Naïve CD4 + T cell isolation and culture 239
Naïve CD4 + T cells were purified from spleen and lymph nodes of mice C57BL/6 using the 240
MagniSort
® Mouse naïve T cell Enrichment kit (# 8804-6824-74, eBioscience, USA) as described by 241 the manufacturer. Purified naïve CD4 + T cells were cultured in plate-bound anti-CD3 (#16-0031-85, 242 eBioscience, USA)/anti-CD28 (#16-0281-85, eBioscience, USA) Abs at a 1:2 ratio (1µg/ml anti-CD3 243 and 2µg/ml anti-CD28) in the presence or absence of 5 -50 µM UA (#1143-70-0, Santa Cruz 244 Biotechnology, USA) for 3 days. 245
246
Intracellular Calcium measurement 247
Intracellular Ca 2+ activity was measured using Fura-2-AM (#F1221, Molecular Probes, USA). 248
Fluorescence measurements were performed using an inverted light incidence fluorescence phase-249 contrast microscope (Axiovert 100, Zeiss, Germany). Cells were excited alternatively at λ = 340 or 380 250 nm and the light deflected by a dichroic mirror into either the objective (Fluar 40×/1.30 oil, Zeiss, 251 Germany) or a camera (Proxitronic, Germany). Emitted fluorescence intensity recorded at λ = 505 nm 252 and data were acquired by using specialized computer software (Metafluor, Universal Imaging, USA) 253 
Transfection of CD4 + T cells by miR-10a-5p 267
Naïve CD4 + T cells were seeded on a coated 24-well plate. Naïve T cells were transfected with 268 miR-negative mimic (#479903), miR-10a-5p mimic (#471928), miR-10a-5p inhibitor (#4100036) 269 relative expression levels of mRNAs were normalized to that of GAPDH, whereas the relative 293 expression levels of miRNAs were normalized to that of 5S rRNA. The following murine primers were 294 used to detect Orai1, STIM1, and STIM2 expression (39) . 295
For amplification of different miRNAs, hsa-miR-10a-5p LNA™ PCR primer set (#204778, Exiqon, 305 Denmark), hsa-miR-15b-5p LNA™ PCR primer set (#204243), hsa-miR-29a-3p LNA™ PCR primer 306 set (#204698), hsa-miR-146a-5p LNA™ PCR primer set (#204688), mmu-miR-155-5p LNA™ PCR 307 primer set (#205930), and reference 5S rRNA primer set (#203906) were used and the reaction was set 308 up as recommended by Exiqon or described earlier (40) (41) (42) . 309
310
Immunoblotting 311
CD4
+ T cells were activated in presence of anti-CD3 (1µg/ml)/anti-CD28 (2µg/ml) and treated 312 with 10 µM UA. After 72 hours of activation and treatment, CD4 + T cells were washed once with PBS, 313 counted and equal amounts cells were taken for cell lysis using H 2 O and 2×Lammelli's Buffer. Proteins 314 were denatured at 95 0 C for 5-10 minutes and stored at -20 0 C. Sample proteins were loaded on 8% or 315 10% gel depending on protein size and run at 80 V until crossing of stacking gel then voltage was 316 increased to 120 V during the separation phase and total gel run for 90-100 minutes. Proteins were 317 electro-transferred onto PVDF membranes. Membranes were probed with the indicated primary 318 antibodies for Orai1 (1:1000; #13130-1-AP, Proteintech, United Kingdom), STIM1 (1:1000; #5668S, 319
Cell Signaling Technology), STIM2 (1:1000; #4917S, Cell Signaling Technology) and GAPDH 320
(1:2000; #5174S, Cell Signaling Technology), followed by HRP-conjugated secondary antibodies 321
(1:1000; #7074P2, Cell Signalling Technology, Germany). Membranes were washed and visualized 322 with enhanced chemiluminescent HRP substrate (#R-03031-D25 and R-03025-D25, advansta, USA). 323
Data were analysed by ImageJ software (https://imagej.nih.gov/ij/). 324
325
CFSE staining 326
The proliferation of CD4 + T cells was detected by CellTrace TM CFSE Cell Proliferation Kit 327 (#C34554, eBioscience, USA). Briefly, cells were washed with PBS (#D8537, Sigma, Germany) once, 328 stained with CellTrace TM CFSE (1:1000 dilution) and re-suspended gently, incubated at 37 0 C for 15 329 minutes in the dark, then washed with R-10 medium twice and activated as described in CD4 + T cell 330 isolation and culture in Materials and Methods above. After 72 hours, cells were collected to perform 331 the flow cytometry. Data were analysed by Flowjo software (FLOWJO LLC, USA). 332
333
Statistics 334
Data are provided as means ± SEM, n represents the number of independent experiments. All 335 data were tested for significance using unpaired Student's t-test or ANOVA. Data were analysed by 336
Excel 2010 or GraphPad Prism Software, USA. P value ≤0.05 was considered statistically significant. 337 338
